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Abstract 
This paper compares two reef sites near Discovery Bay, Jamaica, Dairy Bull and Dancing Lady, 
from 2000 to 2015. At Dairy Bull reef, with low macroalgal cover (8% in 2002 falling to 1% in 
2015) and significant number of Diadema antillarum urchins (c. 5 m−2), live coral cover in-
creased from 13% ± 5% in 2006 after the bleaching event in 2005, to 31% ± 7% in 2008, while 
live Acropora cervicornis increased from 2% ± 2% in 2006 to 28% ± 5% in 2015. Coral cover levels 
were at least maintained until 2015, owing mostly to a slight increase in A. cervicornis. Dancing 
Lady reef however was dominated by macroalgae throughout this period (cover of c. 76% ± 7%), 
with no D. antillarum and showed little decrease in the already low (6% ± 1%) coral cover in 2005. 
Growth rates for Siderastrea siderea were similar for both sites (7 mm∙yr−1), while growth rates of 
A. cervicornis and A. palmata were 120.0 ± 30 mm∙yr−1 and 71.0 ± 29 mm∙yr−1 respectively at Dairy 
Bull in 2015. At Dancing Lady reef, A. cervicornis colonies which were present from 2003 to 2005 
had disappeared in 2006, possibly as a result of the mass bleaching event. It appears that A. cervi-
cornis was the most impacted species during the 2005 bleaching event, but was also the species 
that recovered fastest after its decline at Dairy Bull. 
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1. Introduction 
Current challenges to coral reef sustainability include overfishing, destructive fishing practices, coral bleaching, 
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ocean acidification, sea-level rise, crown-of-thorns starfish outbreaks in the Indo-Pacific regions, algal blooms, 
agricultural run-off, coastal and resort development, marine pollution, increasing prevalence of coral diseases, 
invasive species and hurricane/cyclone damage. The fringing reefs around Discovery Bay in Jamaica constitute 
one of the best documented areas of declining coral cover in the Caribbean [1], where loss of corals and macro-
algal domination has been due to hurricanes [2] [3], overfishing [4] [5], die-off of the long-spined sea urchin 
Diadema antillarum in 1983-1984 [6], and coral disease [7]. The fringing reefs around Discovery Bay have seen 
a number of climate-related challenges in recent years, notably several hurricanes [3] [8] [9] as well as a mass 
bleaching event in the Caribbean in 2005 [10]-[12]. Nutrient enrichment does not appear to have been a causal 
factor in the development of the reef macroalgal communities [13].   
Maintaining coral reef populations in the face of large-scale degradation and phase-shifts on reefs depends 
critically on coral recruitment [14] [15], maintenance of grazing fish and urchin populations [16], clade of sym-
biotic zooxanthellae [17] and management of human activities related to agricultural land use and coastal de-
velopment [18] [19]. Declining coral cover also leads to losses in fish biodiversity in marine reserves [10].   
Dairy Bull reef has for several years been the fringing reef with the highest coral cover in the Discovery Bay 
area [20]. After the 2005 bleaching event there was a major loss of live coral cover, particularly of A. cervicor-
nis [8] [21]. Dancing Lady reef in the 1970s had colonies of A. palmata and A. cervicornis growing in close 
proximity to the reef crest, while in deeper water there was a similar picture for Orbicella annularis and luxuri-
ous stands of Agaricia sp. [22] [23] (P. Dustan, personal communication;  
[http://reefbuilders.com/2015/01/27/caribbean-coral-reefs-fields-coral/]).   
Here, we investigate coral cover and coral growth rates at Dairy Bull and Dancing Lady reefs over a fifteen 
year period, from 2000 to 2015. These sites were chosen as they potentially represented two alternatives of reef 
behaviour post-hurricane Allen in 1980 [2], where the latter, but not the former, was dominated by macroalgae.  
2. Materials and Methods 
Sites and Sampling 
Four haphazardly located transects at each site, each transect 15 m long and separated by at least 5 m, were laid 
at between 5 - 8.5 m depth at both Dairy Bull reef (18˚28.083'N; 77˚23.302'W) and Dancing Lady reef 
(18˚28.369'N; 77˚24.802'W), near Discovery Bay, Jamaica. GPS coordinates were determined using a hand-held 
GPS receiver (Model 72, Garmin Ltd.). Corals 2 m on either side of the transect lines were photographed (using 
overlapping photographs) for archive information and surface areas measured with flexible tape using SCUBA 
[3] [24]. Percentage cover was determined for total live coral, individual coral species, and macroalgae from in-
spection of images. Numbers of Diadema antillarum m−2 along the transects were recorded from inspection of 
images.  
Radial growth rates (mm∙yr−1) of the non-branching coral Siderastrea siderea, and linear extension rates 
(mm∙yr−1) of branching corals Acropora cervicornis and Acropora palmata were measured and calculated as 
described previously [3] [24]. Briefly, surface areas were calculated (using a standard formula) from the largest 
diameter of the coral head, measured with a flexible tape or with vernier callipers, and the diameter at 90˚ to 
that. 
This work was conducted during July 15-31 and December 19-30 in 2000, March 26-April 19 2002, March 
18-April 10 2003, July 23-August 21 2004, July 18-August 13 2005, April 11-18 2006, December 30 2006- 
January 6 2007, July 30-August 16 2008, July 27-August 8 2009, April 14-16 2010, July 30-August 2 2012, and 
February 2-5 in 2015. 
Computer digital image analysis was undertaken using the UTHSCSA (University of Texas Health Science 
Center, San Antonio, Texas, USA) Image Tool software [24], to separately check measurements of coral radial 
growth rates. One or two-factor ANOVA was used to compare coral data between sites; ±error values represent 
standard errors of the data. Post-hoc power analyses were conducted according to Leith [25].  
3. Results 
Figure 1 shows mean percentage cover + or ±1 S.E. of total live coral, and species Acropora cervicornis, 
Porites astreoides, Acropora palmata, Siderastrea siderea, Diploria strigosa, macroalgae and numbers of Dia-
dema antillarum m−2 at (a), Dairy Bull reef and (b), Dancing Lady reef from 2002 to 2012. At Dairy Bull reef,  
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Figure 1. Cover of live coral, individual coral species, macroalgae and numbers of Didema antillarum at (a), 
the Dairy Bull reef site and (b), the Dancing Lady reef site from 2002-2015. Total live coral (♦); Acropora cer-
vicornis (■); Porites astreoides (ᴪ); Acropora palmata (●); Siderastrea siderea (▲); Diploria strigosa (X); 
Diadema antillarum numbers m−2 (+); Macroalgae (−). Values are shown +1 S.E. in (a), and ±1 S.E. in (b).              
 
live coral cover increased from 13% ± 5% in 2006 after the bleaching event in 2005, to 35% ± 6% in 2015, 
while live A. cervicornis increased from 2% ± 2% in 2006 to 28% ± 5% in 2015. Coral cover levels were at least 
maintained until 2015, owing mostly to a slight increase in A. cervicornis. Dancing Lady reef however was 
dominated by macroalgae throughout this period (cover of c. 76% ± 10%), and showed little decrease in the al-
ready low (6% ± 1%) coral cover in 2005 owing to the bleaching event later that year. Diadema at Dairy Bull 
varied from between 5 - 9 m−2, while <1 m−2 were observed at Dancing Lady reef. Decreases in live coral cover, 
A. cervicornis and A. palmata were significant at Dairy Bull in 2006 and 2007 (p < 0.02, power > 0.65 for each). 
The slight decrease in live coral cover at Dancing Lady in 2006 was not significant. 
Table 1 shows radial growth rates (mm∙yr−1) of the non-branching coral S. siderea, and linear extension rates  
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Table 1. Radial growth rates (mm∙yr−1) of the non-branching coral Siderastrea siderea, and linear extension rates (mm∙yr−1) 
of branching corals Acropora cervicornis and Acropora palmata calculated on a annual basis from 2000-2003, 2003-2005, 
2005-2008, 2008-2012 and 2012-2015 (00-03, 03-05, 05-08, 08-12 and 12-15 respectively), at Dancing Lady (DL) and Dairy 
Bull (DB). Values represent growth rates ± standard errors; n = 5 for each species. nm, not measurable in sufficient numbers 
for analysis.                                                                                                          
SITE 
 DL DB 
Year 00-03 03-05 05-08 08-12 12-15 00-03 03-05 05-08 08-12 12-15 
Species 
Acropora 
cervicornis nm 85.0 ± 25 nm nm nm 109.0 ± 27 111.0 ± 30 146.0 ± 40 140.0 ± 35 120.0 ± 30 
Acropora 
palmata nm nm nm nm nm 90.0 ± 50 88.0 ± 45 90.0 ± 40 70.0 ± 30 71.0 ± 29 
Siderastrea 
siderea 7.3 ± 1.8 7.0 ± 2.1 7.1 ± 1.8 7.2 ± 2.3 7.1 ± 2.9 7.2 ± 3.3 7.1 ± 2.9 7.5 ± 3.2 7.5 ± 2.8 7.4 ± 3.0 
 
(mm∙yr−1) of branching corals A. cervicornis and A. palmata calculated on a annual basis over a 15-year period 
starting from 2000, at Dancing Lady and Dairy Bull reefs. The growth rates are largely similar to those reported 
by Huston [26]. Where growth rates were higher, they tended to be higher at Dairy Bull reef, but the differences 
were not significant. At Dancing Lady reef, A. cervicornis colonies which were measurable from 2003-2005 had 
disappeared in 2006, possibly as a result of the mass bleaching event. 
4. Discussion 
The Jamaican reefs are subject to a number of both acute and chronic stressors, from Hurricane Allen in 1980, 
through the die-off of Diadema antillarum in the early 1980s to continuing overfishing and coastal development, 
which produce almost constant impacts to the reefs. By far the major acute influence on the corals over the study 
period was the mass bleaching event of late 2005 [12]. What is apparent from the present study is that despite 
the chronic and acute disturbances over the 15-year period, Dairy Bull has managed to survive and maintain its 
coral cover, unlike the predominantly macroalgal Dancing Lady reef. The recovery of Dairy Bull reef can be at-
tributed, at least in part, to the recovery of Acropora sp. at that location. Interestingly, a bleaching event in 1983 
on the shallow reefs in the Java Sea resulted in the loss of branching species in the genera Acropora and Pocil-
lopora [27]. Five years later, the community structure had largely recovered, although coral cover was not as 
high as formerly.  
Another difference between the two reefs is their rugosity; that of Dairy Bull (2.3 ± 0.16) is nearly twice that 
of Dancing Lady (1.3 ± 0.15) [28]. Rugosity has been found important for predicting intra-habitat variation in 
coral reef fish assemblages [29] and loss of architectural complexity in Caribbean reefs due to climate change 
appears to be linked to physical impacts, such as hurricanes and bio-erosion [30]. Certainly hurricane Allen in 
1980, followed closely by the die-off of Diadema antillarum, produced major physical changes to the Jamaican 
reefs [2], including loss of branching corals. The presence of Diadema at Dairy Bull is another important factor, 
as Diadema recovery has reduced macroalgal cover and increased abundance of juvenile corals on Jamaican 
reefs [31] [32]. 
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